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Alloy Design of Nano-scale Precipitates Bearing High Strength Ferritic Heat Resistant Steels
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Abstract

Precipitation site, morphology and high temperature stability of the fine carbo-nitride particles were
precisely analyzed for the high strength ferritic heat resistant steels, both the 9% Cr-W containing ASME
Gr.92 and the 2.25%Cr-1%Mo-V ASME Gr. 22V. TEM observation, EDX analyses identified the fine
(Nb,V) (C, N) precipitation inside of the lath structure of Gr. 92 steel and dense precipitation on the lath
boundary of Gr.22V steel. Thermodynamic calculation and the void strengthening estimation inferred
that the nano-scale size particles inside of the lath structure effectively delayed the sub-grain micro-
structure degradation in Gr.92 steel, and that the nano-scale size VC on the lath boundary possibly
determined the creep rupture strength of Gr. 22V steel.
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Chemical composition (mass%)
C Si Mn Cr Mo w \% Nb N B

Gr.92 0.10 0.25 0.50 9.00 0.50 1.80 0.20  0.060 0.050 0.002

Gr.22V_ 0.14 0.03 0.40 2.25 1.00 0.25
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Estimated precipitation strengthening stress in lath structure of Gr.92 steel

Spherical MX MX with V-Wing

Mean particle diameter 50nm 120nm
Inter partcle space 630nm 600nm
o, at 650C for 10 000 hours creep 35MPa 50MPa
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Estimated precipitation strengthening stress in lath structure of Gr.22V steel

Lath interior Lath boundary
Mean particle diameter 50nm 20nm
Inter partcle space 353nm 48nm
a, at 550°C for 10 000 hours creep 41MPa 205MPa
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